The effect of the addition of nystatin, miconazole, ketoconazole, chlorhexidine, and itraconazole into the soft lining materials Softone and Trusoft on their peel bond strength to a denture base acrylic resin was evaluated. Specimens of soft lining materials (n=7) were made without (control) or with the incorporation of antifungals at their minimum inhibitory concentrations to the biofilm of C. albicans and bonded to the acrylic resin. Peel testing was performed after immersion in distilled water at 37ºC for 24 h, 7 and 14 days. Data (MPa) were analyzed by 3-way ANOVA/Tukey-Kramer test (α=0.05) and the failure modes were classified. The addition of nystatin and ketoconazole did not affect the peel bond strength for up to 14 days. Most failures were predominantly cohesive within soft lining materials. With the exception of itraconazole, incorporating the antifungals into the soft lining materials did not result in values below those recommended for peel bond strength after 7 and 14 days of analysis.
INTRODUCTION
Infection of the oral cavity by Candida spp., called oral candidiasis, is considered the most common fungal infection in humans, especially in the elderly and denture wearers 1) . Oral candidiasis related to the use of removable dentures is referred to as denture stomatitis and is considered the most common injury among users of these prostheses 2) . Although the etiology is considered multifactorial, infection by Candida spp., especially C. albicans, is considered the main etiological factor 3) . Treatments directed to denture stomatitis are varied and may include topical and systemic antifungal therapy, oral hygiene care, procedures for denture cleaning and disinfection, replacement of old dentures, eliminating anatomical irregularities, restoring nontraumatic occlusion, and nutritional restitution 4) . Additionally, in order to protect and preserve the mucosal integrity, the patient should sleep without dentures 5) . The choice of a treatment or a combination of them should be individually considered.
Soft lining materials have been widely used, such as dynamic impression materials, and are essential adjuncts for the treatment of oral mucosa traumatized by residual ridge resorption, damage to the inner surface of removable dentures or surgery 6) . This is due to the fact that these materials aid the recovery of tissues that are in contact with the denture base, ensuring patient comfort 7) . The soft lining material absorbs part of the chewing forces on the prosthesis during function, thus reducing the energy transmitted to the associated periprosthetic tissues. However, a major disadvantage or cause of failure in soft lining material is their difficult cleaning, since they are significantly softer and less resistant to brushing than conventional acrylic resins 8) . Thus, soft lining materials, especially temporary ones, are easily degradable and susceptible to microbial colonization 9) , which may favor the installation of pathological processes and impair the treatment of existing infections 10) . To prolong the clinical longevity of soft lining materials and reduce the possibility of biofilm accumulation, some authors have incorporated antifungal agents in such materials 6, 11, 12) . This combination can be a therapeutic rationale in the treatment of denture stomatitis by several factors: 1) reduction of trauma caused by the inner surface of the rigid heat-cured acrylic resin of removable dentures; 2) eliminating contact of the contaminated surface with the oral tissues, consequently interrupting the cycle of re-infection; and 3) the action of antifungal agents incorporated into the material directly on the infected tissues 11, 12) . However, it has been shown that the incorporation of antifungals into soft lining materials can affect their structural properties 7) and tensile strength 13) . Soft lining materials must remain bonded to the acrylic denture bases of the removable prosthesis to adequately perform Peel bond strength of soft lining materials with antifungal to a denture base acrylic resin 14) . During clinical use, soft lining materials are subjected to conditions that initiate the peeling and may result in the infiltration of fluids in the bonding interface 15) , creating a potential surface for bacterial growth and biofilm formation 16) . Clinical failures when using these materials are attributed to loss of bonding to the acrylic-based resin, therefore measurements of the bond strength are very important 17) . Several studies have tested the strength to detachment to evaluate the bond of soft lining materials to the denture base resin [18] [19] [20] [21] [22] [23] . However, so far, no study has analyzed the peel bond strength of soft lining materials after addition of antifungals at lower concentrations, defined as effective for the inhibition of Candida spp. Thus, based on these considerations, this study assessed the effect of minimal inhibitory concentrations (MIC) against the biofilm of C. albicans, previously determined for five antifungal agents (nystatin, miconazole, ketoconazole, chlorhexidine, and itraconazole) 24) , added into soft lining materials (Softone and Trusoft), on the peel bond strength to a denture base acrylic resin. The null hypothesis was that drug incorporation at MICs does not affect the peel bond strength of both soft lining materials to the denture base acrylic resin after immersion in water.
MATERIALS AND METHODS
Two soft lining materials with different usages; one tissue conditioner and one temporary resilient liner, were selected for this study ( Table 1 ). The antifungal agents evaluated in this study are presented in Table 2 .
Specimens (n=7) of denture base acrylic resin Lucitone 550 (Dentsply, York, PA, USA) were made with dimensions of 75×10×3 mm 22, 23, 25) . For this purpose, impressions were taken from stainless steel matrices with these dimensions using laboratory silicone (Zetalabor, Zhermack, Rovigo, Veneto, Italy) between two glass plates. This set (impression/matrix) was invested in conventional metal dental flasks using type III dental stone (Herodent, Vigodent, Rio de Janeiro, RJ, Brazil). After the stone setting time, the flask was opened and the stainless steel matrix was removed. The heatcured acrylic resin was proportioned, mixed according to the manufacturer's instructions and inserted into the silicone impression. The flask was closed and kept under a load of 1.25 t in a hydraulic press for 30 min. After this period, the specimens were subjected to short-cycle Table 3 Means, standard deviation, and statistical significance of peel bond strength (MPa) for the interaction "Material"×"Antifungal", regardless of the immersion time polymerization as recommended by the manufacturer (90 min at 73ºC and then boiling water for 30 min). The flasks were then bench cooled for 30 min followed by cooling under running water for 15 min.
Afterwards, the specimens were removed from the impressions and stored in distilled water at 37ºC for 48 h 26) . After the storage period, the flat smooth surface (side in contact with the glass slide) was abraded automatically in a polishing machine using #600 silicon carbide abrasive paper (Norton Abrasivos, São Paulo, SP, Brazil) under constant irrigation. The abraded surface was cleaned with detergent for 20 s, washed under running water, and dried.
The specimens were then placed in a hollow stainless steel matrix with internal dimensions of 75×10×6 mm. The specimen area (650 mm 2 ) that should not be bonded to the modified soft lining material was covered with a polyester strip 23, 25) . The quantities of antifungal powder (Table 2) were manually mixed to the powder of the soft lining materials to obtain a homogeneous mixture 7) . The liquid of soft lining materials was added to the powder mixture and the material was prepared according to the manufacturer's instructions ( Table 1) . The soft lining material modified or not by the addition of antifungals (control group-Ct) was inserted into the hollow matrix containing the heat-cured acrylic resin specimen prepared for the reline procedure. This assembly was covered with a glass slide and kept under digital pressure during the gelation/polymerization time recommended by the manufacturer ( Table 1 ). The excess material was removed and the relined specimens were stored in distilled water at 37ºC for 24 h, 7 or 14 days.
The peel bond strength test was analyzed in a universal testing machine (Autograph AG-I, Shimadzu do Brasil, São Paulo, SP, Brazil) with 50 N load cell (Shimadzu do Brasil) at an angle of 180º 22, 23, 25) and speed of 50 mm/s. The portion of modified soft lining material not attached to the resin base (65 mm) was folded and fixed in the upper clutch of the equipment at 20 mm from the bonded area of the specimen. The other non-relined portion of the heat-cured resin was pressed on the lower clutch of the equipment 22, 23, 25) at 20 mm from the bonded area of the specimen. Each specimen was subjected to tension to promote peeling of the modified soft lining material from the heat-cured acrylic resin. The results of the rupture force were transformed into peel bond strength in MPa 22, 23, 27) . Bond failures were observed in a stereomicroscope (8×) and characterized as: adhesive, when peeling occurred between the modified soft lining material and the denture base acrylic resin; cohesive, when there was tearing (rupture of the soft lining material within the area bonded to the denture base) or snapping (soft lining material had stretched and then ruptured away from the bonded area) within the modified soft lining material; and mixed, when regions with two types of failure were observed on the surface of the denture base material.
Data were submitted to three-way analysis of variance followed by Tukey-Kramer test (α=0.05), using the software (SAS 8.0 for Windows, SAS Institute, Cary, NC, USA). Post-hoc power analysis was performed for statistical analysis of peel bond strength data using the personal statistical software (SPSS 19, SPSS, IBM Company, Armonk, NY, USA).
RESULTS
For the number of specimens used to evaluate the peel bond strength between the denture base and modified soft lining materials (n=7), this study presented adequate power for all factors "Material", "Antifungal" and "Time" (100%, α=0.05). The results of threeway ANOVA showed statistical significance for all isolated factors (p<0.0001) and for the interactions "Material" × "Antifungal" (p=0.0231), "Material" × "Time" and "Antifungal" × "Time" (p<0.0001). The mean values and statistical significance of results are shown in Tables  3, 4 According to Table 3 , there was no statistically significant difference (p>0.05) between groups modified by the addition of Ny, Ke and Chx compared to the control group for the Softone material. The incorporation of Mc resulted in statistically higher values of peel bond strength to the denture base (p=0.0224) than the group without drug incorporation for the Softone material. The group modified by adding It showed the Comparing the Softone and Trusoft materials, there was no statistically significant difference (p>0.05) in the peel bond strength to the denture base, except for the groups modified by Ny (p<0.0001) or Chx (p=0.0295), in which the Softone tissue conditioner showed significantly higher values (Table 3) . Table 4 shows that the values of peel bond strength significantly increased (p<0.0001) over time for both materials evaluated, and in the case of the Trusoft resilient liner there was significant increase (p=0.0007) up to 7 days, and thereafter the values remained unchanged (p>0.05). The increased values were noticeably more significant for the Softone tissue conditioner, once within 24 h the materials showed no statistically significant results of peel bond from each other (p>0.05), and with increasing time significantly higher values were detected (p<0.0001) for the tissue conditioner.
As observed in Table 5 , there was no statistically significant difference between groups modified by the addition of drugs and the control group (p>0.05) within 24 h. At the 7 and 14 day periods, only the group containing It showed statistically different values, which were lower than those of the control group (p<0.0001). There was an increasing trend in peel bond strength with time at least 7 days after immersion in distilled water for the specimens of groups modified or not by the addition of drugs (p<0.05), except for the group containing It, which did not present change in peel bond strength values during the evaluation period (p>0.05). Figures 3 and 4 show the failure patterns observed for the specimens after the peel bond strength test for the Softone and Trusoft materials, respectively. The majority of failures were cohesive within each soft lining material. Adhesive and mixed failures were observed for both materials mainly after immersion in distilled water for 7 and 14 days.
DISCUSSION
The incorporation of antifungal agents into the soft lining materials has the potential to become a logical treatment for denture stomatitis. This therapy can reduce the trauma caused by old dentures, conditioning periprosthetic tissues in combination with antifungal treatment; thereby, important etiological factors in the development of infection by Candida spp. would be eliminated simultaneously. Furthermore, this method favors a relined denture that can be kept clean by the patient more easily 12, 23) . In the present study, we selected five antifungal agents based on an initial research that determined the MICs of these drugs, which are commonly used for denture stomatitis treatment, when they are incorporated into soft lining materials 24) . The polyene fungicidal agent nystatin has water insoluble molecules and presents the widest spectrum of activity among the available antifungals. The nystatin polyenes bind to ergosterol, a major component of the fungal cell membrane. When present in sufficient concentrations, it forms pores in the membrane that lead to potassium leakage, acidification, and fungus death 28, 29) , and is used for topical treatment. In comparison to other antifungals, this drug has some advantages, such as high effectiveness in inhibiting Candida spp. 30, 31) , rare detection of resistant fungal strains, and accessible cost 31) . The azole antifungals such as miconazole, ketoconazole, and itraconazole, interfere primarily with fungal synthesis of ergosterol as well as certain enzymes. They work mainly by inhibiting the enzyme cytochrome P450 14-alpha-demethylase, which participates in the sterol biosynthesis pathway that leads from lanosterol to ergosterol, thus resulting in oxidative damages 28) . Azoles are relatively water insoluble and considered fundamentally fungistatic, although they may present fungicidal action in some in vivo situations. In addition, some azoles agents as miconazole have some antiparasitic and antibacterial properties 29) . The molecular structure of chlorhexidine, the best bisguanidine synthesized as antimicrobial, is composed of a hexamethylene bridge with 4-chlorophenyl terminal groups, giving cationic characteristics to this compound. Chlorhexidine is largely used as antiseptics and disinfectants for removable dentures for prevention and treatment of oral infections 3, 32) because of its substantivity 33, 34) and wide spectrum of action upon bacterial and fungal biofilms [35] [36] [37] . Furthermore, compared with conventional antimycotic drugs, the emergence of chlorhexidine-resistant strains has not been reported clinically 37, 38) . Despite the advantages of drug incorporation in soft lining materials, prior to the use of this alternative therapeutic modality in patients with denture stomatitis, a matrix modified by the incorporation of antifungal agents should be obtained. In this regard, modified matrix should be effective in leaching and inhibiting the growth of those microorganisms related to the pathology development and should not present deleterious effects on the structural, physical, and mechanical properties of soft lining materials. In order to evaluate a material as a drug delivery system for the treatment of denture stomatitis, two temporary acrylic-based soft linings (one tissue conditioner and one resilient liner) were chosen because they present a matrix that facilitates the drug release. Physical properties such as water sorption and solubility are important attributes to enhance drug delivery from the material 39) so systems presenting higher sorption and solubility would be potential drug carriers 40, 41) . Drug elution may also be enhanced by the material porosity 38) and also due to the nonreticulated amorphous gel structure in the acrylic-based soft linings 42, 43) . According to some studies, soft lining materials made of acrylics showed the highest sorption and solubility in comparison to those made of silicone or polyphosphazine [44] [45] [46] . This is due to the hydrophilic character of the acrylic material in comparison with the other materials such as silicone rubber, polyurethane, and polyphosphazine, which are hydrophobic and have a large amount of cross-linking agent in their composition 44) . As a consequence, this feature reduces the formation of micropores through which water can enter the material 45) . The presence of plasticizers in the acrylic soft lining increases chain stretching, making drug diffusion easier 44) . It has also been demonstrated that acrylic-based linings show more leachability than silicone-based materials 47) , and because of that materials presenting higher release values of antimicrobials also presented larger inhibition zones of C. albicans 48) . In addition, product presentation as powder and liquid in Softone and Trusoft acrylic lining materials makes drug incorporation facilitated.
During clinical use, including procedures for prosthesis cleaning and disinfection, soft lining materials are subjected to conditions that initiate their tear/ peeling, thus bond strength analysis of these materials are important to predict their clinical performance 17) . The most commonly used methods to assess this phenomenon are the shear, tensile, and peel bond strength tests 16, 49) . There is some discrepancy among results obtained from these methods, partly due to the complex relationship between the direction of force application during testing, the stress generated at the interface, and the mechanical properties of the soft lining material 50) . The peel bond strength test has been reported as the most significant method to predict the material bonding in clinical conditions, since the bond loss usually starts at the exposed side of the lining material through an apparent detachment process 22, 25) . It is considered that this test simulates the horizontal component of chewing forces causing lateral displacement of the prosthesis edges 19) , particularly in the distolingual border of the mandibular prosthesis in the mylohyoid eminence and in the distobuccal border of the prosthesis in the maxillary tuberosity region 51) . Furthermore, Tanimoto et al. 50) reported the concepts of simplicity and geometry of the peel bond strength test, and Waters and Jagger 17) noted that, during preparation of specimens for this test, the lining procedure is more accurately simulated with balanced distribution of forces on the bonding area.
Loss of adhesion to the heat-cured denture base and change in the viscoelastic properties of soft lining materials are common changes during clinical use 25) . With lining detachment, the affected area becomes non-hygienic and non-functional 52) . Therefore, these materials should provide satisfactory adhesion to the denture base acrylic resin to prevent potential failures at the bonding interface 49) . Based on the importance of the peel bond strength for soft lining materials, this investigation examined whether the incorporation of antifungal drugs in the obtained MIC would interfere with this property during the recommended period of denture stomatitis treatment (14 days). The null hypothesis stating that antifungal incorporation does not affect peel bond strength of both soft lining materials to the acrylic resin was partially accepted because no significant difference was observed between experimental and control groups only when nystatin, ketoconazole, and chlorhexidine were added to Softone. On the other hand, the addition of miconazole resulted in statistically significant increase in the peel bond strength values and the addition of itraconazole reduced these values compared to the group without drug incorporation. These findings may be attributed mainly to the amount of drug incorporated into this material. The MICs used for the drugs nystatin, chlorhexidine, and ketoconazole varied between 0.032 and 0.128 g, which are much lower than that determined for itraconazole and miconazole (0.256 g) 24) . The increased bonding values could be considered a positive aspect for the lining, preventing bacterial growth at the interface with the resin base, allowing better prosthesis cleaning and thus contributing to the patient comfort and health 53) ; however, this apparent increase may be an indication that the material became more rigid and probably less viscoelastic 54) , reducing its impact absorption properties 19, 55) . The results obtained for miconazole can be attributed to its lower molecular weight and smaller particle size compared to the other antifungals 7) , allowing the drug to present higher diffusivity inside the matrix, leading to a higher solvation level 56) . The inferior results obtained for itraconazole, regardless of the larger amount added, can also be associated with drug processing, which is commercially available in pellets form. Even when milled and processed into an ultrafine filter, it is likely that the final powder of itraconazole still presented remaining pellets. The soft lining material absorbs water when immersed in an aqueous solution, which will affect the dimensional stability of the prosthesis 57) . Both the lining material and the polymers contained in the pellet absorbed water during the experiment, since a noticeably increased volume of specimens modified by itraconazole was observed, which may have affected the bond strength of Softone to the denture base. Moreover, the molecular weight of itraconazole (705.64 g/mol) is much higher than that of miconazole (416.12 g/mol). It has been reported an increase in drug molecule diffusion through the polymerized matrix due to its low molecular weight 58) . Therefore, the lower diffusivity of itraconazole into the polymeric matrix may have reduced the peel bond strength of Softone.
For the Trusoft resilient liner, the addition of miconazole did not affect the peel bond strength values in comparison to the values observed in the control group. The addition of chlorhexidine reduced the values, and the results for itraconazole also showed the same behavior observed for Softone. The same assumptions used for Softone may explain the lowest peel bond strength observed in Trusoft with itraconazole. Decreased values after chlorhexidine addition may be related to the bigger particle size 7) , resulting in fragility of the matrix and porosity of the modified material after its incorporation 58) . The porosity of the Trusoft modified by chlorhexidine is also favored by the higher solubility of its molecules in water (0.019 g/mL).
An increase in peel bond strength values for both materials was noted throughout the immersion period. These results are probably due to the release of plasticizer contained in the materials' composition. The leaching of plasticizers causes hardening 59) , loss of viscoelasticity 60) and decreased elongation percentage 61) , resulting in increased bond strength of the acrylic-based soft lining materials 62) with longer immersion time in aqueous solutions. The increase was more significant for Softone tissue conditioner and, at 7 and 14 days, this material showed higher values than Trusoft resilient liner. According to the literature 63) , it is expected that Softone presents a greater amount of plasticizer as tissue conditioner than Trusoft does as a temporary resilient liner. Garcia et al. 64) also observed higher bond strength values for Coe Soft, which has higher amount of plasticizer when compared to Dentusoft, and both soft lining materials are similar to those evaluated in the present study. In addition, it has been reported that Softone liquid has the plasticizers dibutyl phthalate and butyl benzoate 65) , while Trusoft liquid has only an alkyl phthalate 66) . Dibutyl phthalate molecular weight (194.19 g/mol) is lower than alkyl phthalate molecular weight (334.44 g/mol). Moreover, probably ethanol concentration of Softone (8.3% in volume) is higher than that of Trusoft 65) . Therefore, the reduction in the concentration of the low-molecular weight plasticizer and ethylic alcohol found in Softone is faster 56, 67) than that of Trusoft.
The addition of plasticizers in the composition of soft lining materials aims to decrease the glass transition temperature of the material to a level below the intraoral temperature, and thus the modulus of elasticity of the material is reduced to a satisfactory level 68) . It has been suggested that the initial softness of temporary linings is due to the large amount of plasticizers 59) . This higher initial amount of plasticizers may be a likely explanation for the lack of difference in peel bond strength between the soft lining materials after 24 h of immersion in distilled water.
In the 24-h period, no difference was observed between groups modified by the drugs and the control group. After 7 and 14 days of immersion in water, only the group with itraconazole presented different and significantly lower values than the control group. This is due to the higher water absorption in specimens containing itraconazole, as previously mentioned. There was a trend in increasing the peel bond strength overtime for most groups, except for the group modified by itraconazole, which remained unchanged.
It has been reported that the bond strength results are highly dependent on the methodology 21) and this may explain the differences found among the studies 55) . Thus, the results of this study cannot be directly compared to previous studies 18, [20] [21] [22] 25, 27) due to variations in processing techniques, dimensions, surface polishing, as well as specimen storage, crosshead speed, and brands of denture base resins and soft lining materials. Craig and Gibbons 18) and Kawano et al. 16) reported that, for clinical use, the soft lining materials must provide bond strength to the denture base resin higher than 0.45 MPa. In general, the peel bond strength values are lower than 1/10 of those obtained in the tensile bond strength test 69) . Based on this parameter, it can be seen that both materials modified by the incorporation of itraconazole and all groups modified or not by any drug addition within 24 h, exception for miconazole, showed bond strength below the recommended values if the peel bond strength was equivalent to the tensile bond strength 69) . All other groups showed satisfactory results.
This study showed that most failures were cohesive for both soft lining materials, whether modified or not by the addition of drugs (78.6%). A study by Garcia et al. 64) also found a large amount of cohesive failures after the tensile bond strength test assessing temporary soft lining materials as those evaluated in the present study (Coe Soft: 76.0% and Dentusoft: 82.3%). The authors explained the results by the micromechanical bond and chemical adhesion between the linings and the denture base, being respectively attributed to the surface preparation of the denture base acrylic resin through finishing with silicon carbide sandpaper and to similar substrate composition 18, 20) . Since most failures were cohesive, the precise value of the peel bond strength could not be obtained. Cohesive failures provided information related to the material itself, rather than an adequate measurement of bond strength 21) . Emmer et al. 54) suggested using the expression "strength failure" rather than "bond failure" when cohesive failures occur. Thus, the values provided by the peel bond strength test should be carefully interpreted because in most cases the specimens failed cohesively or exhibited mixed failures (Softone: 20.6% and Trusoft: 19.0%).
In the pilot tests, some modifications were made in the methodology such as reduction in the bond area and surface roughness of the denture base acrylic resin, as well as increasing the crosshead speed, to evaluate the bond and not the cohesive strength of the material 23) . AlAthel and Jagger 21) observed a decrease in the tensile bond strength values and a tendency to increase the number of adhesive failures when the specimens were tested at higher speeds. According to the authors, this is due to the viscoelastic behavior of the material. At higher speed, the material performs as if it was more rigid and supports more load before failure, and low values are likely to be caused by stress concentration at the bonding interface.
Cohesive failures are indicative of low tear strength. This issue had also been noted in other studies using the peel bond strength test 17, 20) . If the forces applied during this test are more clinically relevant, the evaluated materials will tear or snap in forces well below those required to cause bond failure. This implies that the materials will undergo tearing rather than detachment at the denture base 17) . The fact that water immersion has increased the number of mixed failures and led to adhesive failure (Softone: 0.8% and Trusoft: 2.4%) suggests that bonding between denture base and the soft lining materials is gradually weakened 50) . Besides, the soft lining materials may have been hardened due to plasticizer release into water. According to McCabe et al. 25) , stress concentration during the peeling test is higher in hard materials, and the softer materials should be capable of forming a more effective bond.
Laboratory tests do not necessarily represent the load to which linings are clinically subjected, since only one type of force is applied during its accomplishment. Additionally, the complex phenomenon of bonding and the fact that specimens did not simulate the prosthesis configuration impairs interpretation of the significance of laboratory peel bond strength values 21) . However, these tests are useful for comparisons between materials modified or not by the addition of drugs. It should be noted that the decision of using a novel treatment strategy should not be based on the observation of materials performance only from the results of one test, and a final assessment should be determined from in vivo clinical studies.
CONCLUSIONS
Based on the methodology and considering the limitations of this in vitro study, it was possible to conclude that:
1. Nystatin and ketoconazole could be added to the evaluated temporary soft lining materials in their MIC of C. albicans biofilms without interfering with the peel bond strength to the denture base for up to 14 days, which is the recommended period for the treatment of denture stomatitis. 2. The addition of antifungals, with the exception of itraconazole, into the soft lining materials did not result in values below those recommended for peel bond strength after 7 and 14 days of analysis.
